We study the decay of the neutral B meson to K * γγ within the framework of the Standard Model, including long distance contributions.
Introduction
Of late the rare decays of the B mesons have been recognized as important tools to study the basic structure and validity of the Standard Model (SM) and its extensions. In particular, the radiative decays, owing to their relative cleanliness as far as experimental signatures are concerned, have attracted a great deal of attention. For a general overview of the kind of issues considered relating to radiative decay modes see references [1, 2] . The decays B → X s γ and B → K * γ have been observed [3] and both of these are extensively used and relied upon for constraining the parameters of any new theory or extension of the SM [2] . The decay B → K * γγ is another potential testing ground for the effective quark level Hamiltonian b → sγγ first studied by Lin, Liu and Yao [4] and pursued further in references [5, 6, 7] . This amplitude has been the focus of considerable research recently, not only for the useful indications it will give to the underlying theories of flavour changing neutral currents, or the possible contributions from loops with supersymmetric partner particles, but for the impending experimental studies of the B-factories in the near future.
As has been previously noted, the b → sγγ amplitude naturally splits into two categories: an irreducible contribution which is well known and usually estimated through basic triangle graphs, and a reducible one, where the second photon is attached to the external quark lines of the b → sγ amplitude. At the quark level the reducible contribution presents no real problems, however, when we consider an exclusive channel, such as B → Mγγ for a specific meson M, it becomes more appropriate to consider the second photon as arising from the external hadron legs of the amplitude B → Mγ. In contrast to the earlier case of B → Kγγ [7] where the amplitude for a single real photon vanishes identically, resulting in the irreducible diagram being the sole contributor, the amplitude B → K * γ is non-vanishing. However for the neutral decay mode the second photon cannot arise from the resulting K * , and thus in this case also, it is the irreducible amplitude that stands out, though for a completely different reason. Of course we must also consider the usual long distance contributions; such as the process B → K * η c followed by the decay η c → γγ. Note that for completeness we will also include the η contribution, even though the η coupling tocc will be small. The rate for B → Kη ′ is anomalously high and many possible mechanisms have been proposed that aim at taking this anomalous production into account [8] . However, in the present case there is not enough data corresponding to the B → K * η ′ channel and at present only an upper limit on this branching ratio is available. We therefore tend to remain conservative in the present study regarding this issue and assume that the η ′ contribution can be obtained similar to the η c contribution. The situation is expected to improve with the availability of more precise data in this direction. We therefore include an η ′ contribution along the lines of the η c contribution.
In this paper we will estimate the branching ratio for the process B 0 → K * 0 γγ by considering the effects of the irreducible triangle diagram contributions in the next section, followed by the resonance contributions in section 3. Note that in the case of B → K * γγ there will only be three sizeable resonance contributions; η c , η and η ′ . Furthermore, each of these contributions will only contribute a narrow peak in the γγ invariant mass spectrum, which is easily separated experimentally. As such the interference terms for each of these pairs of terms will not be considered here. Finally, in section 4 we will present our results and analysis.
The Irreducible Contributions
The irreducible triangle contributions to the process in which we are interested (B → K * γγ) originate from the quark level process b → sγγ. The effective Hamiltonian for this process is [4] 
with
The invariant amplitude corresponding to this effective Hamiltonian is
In the above expressions we introduced the functions
Note that to get the M(B → K * γγ) invariant amplitude from the quark level amplitude we replace the s|Γ|b by K * |Γ|B for any Dirac bilinear Γ. With q = p B −p K * = k 1 +k 2 and following the conventions used by Cheng et al. [9] , we parameterize the hadronic matrix elements as
For the functional dependence of various form factors appearing above we follow the conventions of [10] . Using these definitions we determine the irreducible matrix element for the process B → K * γγ as
where
Resonance contributions
For this process there will be three significant resonance contributions, that from the η c , η and η ′ resonances. The η c contribution to the decay process comes via the t-channel decay B → K * η c , with the η c then decaying into two photons.
The T-matrix element for this process can be written as
The amplitude γγ|T |η c is parameterized as [6] γγ|T
Note that we can determine B ηc from the known decay rate:
where we have
and so
The B → K * η c amplitude has been determined in Cheng et al. [9] as
where X
Note that f ηc is defined as 0|cγ µ c|η c = if ηc p µ (η c ). Therefore the total contribution due to the η c resonances is thus,
(18) Analogous to the η c resonance, the η and η ′ resonances will also contribute to the decay amplitude because of its coupling to the cc channel. These contributions, M η and M η ′ , have exactly the same form as equation (18) with the parameters B ηc , f ηc , F 0 (m 2 ηc ), m ηc and Γ ηc total being replaced by their η and η ′ counterparts respectively. However in this case we cannot define the relative sign of the amplitudes and any of the other components of the amplitude.
The process may also receive additional contributions from the B * and K * 2 channels, where the B meson decays into a photon and an on-shell K * 2 or slightly off-shell B * with these then giving rise to a K * and the second photon. Note that as there is no data available at present for either of these and if the widths for the individual channels contributing to the process are significant, the contribution can be sizeable. However, we expect that these contributions can be eliminated by suitable cuts in the B * (or K * 2 ) photon plane and thus we do not consider them here at all.
Results
The squared amplitude for the process B → K * γγ is then;
where the interference terms have not been included here. The components to the squared amplitude were calculated to be;
We have similar expressions for the η and η ′ terms, replacing the parameters B ηc , f ηc , F 0 (m 2 ηc ), m ηc and Γ ηc total by their η and η ′ counterparts. The irreducible squared matrix element is then;
The total decay rate is then given by At the levels reached by current B-factories the branching ratios obtained are too low to be observed. One certainly hopes in the near future experiments with better luminosities will be possible, in which case the numbers obtained will be very useful for confronting theoretical models with experimental data. As discussed in the text, this decay with two photons depends on the parts of the effective Hamiltonian in which decays to a single photon are not sensitive, and thus provides a more complete test of the underlying theory. Branching Ratio (on logscale) CM energy of two photons (GeV) Figure 2 : The branching ratio of B → K * γγ plotted as a function of the CM energy of the diphoton rest frame. Here we have plotted with a log scale on the y-axis.
